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(57) Abstract: 

PROBLEM TO BE SOLVED: To improve reliability by 
enabling reading out cell data accurately even when 
quantity of accumulated electric charges of a 
ferroelectric capacitor is decreased by relaxation and 
fatigue of polarization, when binary or multi-level 
quantity of polarization stored in a FRAM cell is read out. 

SOLUTION: A FRAM is provided with a NMOS transistor 
inserted in series to a bit line at a position at which 
a bit line BL connected to a switch element Q of a cell 
is divided into a cell region 31 and a sense amplifier 
region 32 and having a function amplifying a signal 
potential read out in a bit line from a cell, and a 
circuit QP connected to a bit line of the sense 
amplifier region 32 and pre-charging a bit line during 
the prescribed period at the time of start-of reading 
out data from a cell. And at the time of reading out 
cell data, a switch element is made an on-state in a 
state in which a potential of ground potential or less 
is applied to a plate electrode of a cell capacitor C. 
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stifesii©^ itjia^^^i/^©-^©^ 
u- h«ffitcgsKS4xfc^u- Hit, trfia^ =e y 
^e>IWB» l ©t'y hWMcKftffiStifef 1 -^ ttyx 

y -fe;ncmms *it & 3i ^ y -fe;i^^c iittisa-fe > 7. 
r > t" t zmifi $ n t ^ * -tr > x 7 y ^mm t. tc m.&? z 

ffltffii<DVy vm(D^^)M)\4m^y^7y^ 

m££(»m\zw$\\\zmAzt\t=.i&i ©nmo s 
izn&&2nt=.m-%m&$:mBt?>ftmz&'3M 1 ©* 

tulB-fe>xT>^l^©^ 1 ©^ y b-m 

icg^^n, ttna^^y-fe^^rof-'-^M^ffluis^ 
^{cm^ra^w-iufam ©t'-v MifeBuatfic^y 
^•^-^■fs^iw^y^-v-s^HBifc, tfria^^y-fe 
j\4m<m 1 ©ify hiitssKstu tuia^ =e u -t;^ 

^©■^-^^fflLBg^ciiSSfa^l©^ 
^rtttevssjc^y ^-v- y L/Tfe*. Sufa^ ^ y 
•b©-?- * uHttfinwci*? y ^ ^ - *%m-tz> 

fS2©^y^-t>M&££jlJiU lufa7°b-hH© 

«^&ttifa^«evssOT, *»oiwa^-f 
*>ttj»fcfli(fs?u. Syta^^y-fe^^^^y-feMi^ 
©^ 1 ©if v mizMfrftznt-is^mm^MMm 1 © 
nmo s h^>i/^^{c<fc y*iwis*vTisiai2>xr > 

yffigc©H 1 ©tf >v hiiStcsKbnsfS-WBffiSrlsSa*^ 

xt>^(cj: y^wawsttjtiRLTiWB-rsiii-eiMa 
^ ^ y isMi* ^(d?- 9 ©SB^tb u *fxtz ozt zmm 

[0030] mi v>wn<Dsmmk* =e y {*, nut: 

BJOlCgSWSSn'r «:6S«eJLh© nfjE©^fi7-*- * 5:^ 

^-r-sji^y-fe^i:. I5raa^^y-b;uz>^>f «y?-jR?® 
- •a&HH©/' - RcM^^tfem 1 ©ify hat, iuga* 

^AS/*©-4iiiJ©-7"U- h®g(C^$tlfey U- h 
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»t, tufa* =t u •tjifrbmssaz 1 ©try M8fcsE»ttt 

UT*»lltS8«(n-l) <@©-fe>X7>^i:, fuiafll 

fc»A$nfeigi©NMos h5>s?^*^e>fty. -e 
\mm&*.wmz>ftm 1 ©m^PSMii-y-i:, 10 
satws©* yxyy 7<Dimw vml zmmizn e> & 

i»^y**-2flBKfc, tuiB*^y-fe;HH«©t&i© 

tf y MWfcgSKstu striae *E U -tfrfribayr- 9 Wb- 

mmmwtmm i o^y Mss&g^a&vssfc^ 20 

ffi LBK&^HCtt^" U f - -V - ^ & jWBfrT 2 ^ -V 

ffiKMfr&zftt~m^nmtimm 1 ©nmo sh7> 

* IC J: »J iWBSftTtWB-lz y'x7y?*ffim<Bm 1 © 
tf>y h*RKJ^ftSte#«£«:fWB(n-l) fI©-fc>X7 

[0 0 3.1] 

[0032] mz it, xmBcom 1 ©njg©7gffiuc<&§ 

- jgrr- * 8BWS!© F R AM©±M^©W&tJ&S:^ U 
T£ y, #fC* =E U -fe;i/T U-f £ <fct>7Si2®S&©-gP© 

[0 0 3 3] H3lCfelr\T, 3 lttx-^Sr^WS^ 

^'JtiKM/OK 3 2ii^^e y-fe;^e.tf>v h 40 

y (s/a) '&-£tfte>*7>:/1K«"e»s. 
[0034] m&* ! £ l )-zjuffl$a it.izyx7y-7M 

®3 2 tit, fcT-y hfjtftf B L, /B LlC**veWf A3 

[0 0 3 5] gtfSB* 'J -fe;i/#&Jc 3 1 CO" IHCli, * =E 'J 
t;i/M/C^T JiptftCBSSSftfc^ y -WI/7 U'TMC 50 



fflB 5 ?- 1 1-23 8 3 8 7 
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A (f^WK^y t;bM/Clt2M©^LT^€>) 

a^-fXi-s^y • w 35>rxiHiKiJEQA, 
nfcjji ^ y &©■?-* ©semis umffit Jt 

$£$*l£#{im&£^££©©**^-*A£PDCA&^ 

[003 6] _hta* ^ y t;wvi/c«, *Mt'tt, a 1 

©•fe ;i/©Sa£**Mf * vts/ * C©3£^«#»^© t Xf 
'J ^^^"ttttia 2 £#flg L-TtfaE Lfz J: e> &%©T'& 

[0 0 3 7] itUfB* =E 'J -fe^T W fCfe»Sra-tT©-fe 

KiWL i (f^WtCWL 0, WL 1 ©2*0D* 

*vAi/$ cny'v- VWmz\,$.}m\zy°\s- h$SP L 
i (f^SUlCPLO, PLl©22j«B#a*l/Ov5) # 
gSR3#iTi3y, B?fS39-K»WLii3J:tJf^ , U-h* 
P L i li¥fxtCK(*e>ftTV*S. 

[0 0 3 8] ttfia^^y-fe^TU-fMCACfe 
WSIel— 3«J©-fe;i/M/C© h ^ ^ Q© K U-f >{C 
(t^iltClf-y MB (f^ftWtCS*»Sft-tBL. /BL© 
l*f©*^bT^S) *^g»3#lT^*. 

[0 0 3 9] Buia^U^^-t?- >f3 5>fXEIBSWEQ 
Alt, ^ MRyjf"V-y«<a CfrMT'li&ifflWEV 
ss) *^^.e>nsvssait^v mh^bu /blm 
mztt?tm*tzntc. h»^y ^-^onm 

OSh7>^QNt, Jtfatf'V MSMB L, /BL 

[004 0] HuiB^^— feMPDCAlt, >=EU-fe^7 
U^fCO^f^ MiftB L. /B LiciM-fogg^3tife# 
flgSfi&f^sfett©^^ — fe;bt, |ii-^©^< — fe;i/ 

&3S^'t-5fe«b©2*©df^-r7-hlSDWL, /DW 

[0041] *iaiffln?t±. fuia#^< — ir;ut, lata 

2*CD^-'7-K*iDWL /DWL©-5t»©-^lC 
y-h/)^34xt^^-7.-f>y^ffi©NMOS V^y 
y'X^Qd (tW7-f 7fM©NMOS h7>i/X^ 
Qtlej^©*©) t, 3©h5>£?**QdlCi0WC& 
^3 tU >f-MC^5 — fe^«i*«IW»D C P AMSK 

Stifc^^— fe;uS^m^mffl©NMos 

*Qc£*mU ±1 a** 5 -fe^ifi^fflfflNM 
OS h^>^^©-3SlC^5— t?;i/g*jS«&VDCtf 
#A.^4^TV^^) (1 C©#^-, ilB^yfMONMOS 
h 5 > y X 9 Q d © V - *<g«© N «fc »'^*^ 

-iz;ufi^miit{J!^ffl©N.'viOS h5>y^*Qe©y 
-^fI^©NSa£tfc^©^S*^5 -dp-V A'i/^J 4: bT 
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[ 0 0 4 2 ] Bui3^*^ - t;bS^S!l^gD C P tcttte 

dcp ovtvafcovcirawM-fcifflMfs-? 

- K«DWL»*^Ji/DWL*SHRa*l*Blia)MjaB 

(0 0 4 3] tirR^U&i/ms 

9 - KtlW Lit*. 7 K U^i^CSo'l, ftjgg 
ftHfift (EBrfr-f) {c«fcy 1#©»7-F*I («*.tfWL 

o ) asifts 9 - FHiE v«L#«*fr a 

[0 0 4 4] tSBBaBRS*lfel*©9-Ki(«WL 

< - v - )?®mw®& (bw) j: y syie^ =eu-iz 

^HR«3 l©2*0df§-»7-KliDWL, /DWLffl 
[0 0 4 5] tfflB^'J-frMRtfa l©$Ifc#© 
tfPLO) 7!)^{$*lT7 p l/-h«S®BEVpL*'^$n 

s= 

[0 0 4 6] H4tt, |2I3cfiCD-fe>X7>^M^c3 2 5: 
[0 0 4 7] 3©-fe>^r>ytS^c3 2©4»{C{*, -fe> 

[0 0 4 8] ±ie-fe>XT>^S/A«, aSRStlfc* 

V h$S*frfe>XM©NMOSi»>X7>:/£«m*^ 
Mffliffi&8£c8& (VCC) tciatlCS-&*feft©tfry h 
MWftU* K7ffl©PMOSt>X7>^e»46. 
[0 0 4 9] ±|BNMOSi2>^.T>y»NMO 

iKfflWWWsn. i?riaPMos-fe>xT>y |P ttPMos 

t 7 > »bff S AP{C<fc y iStt/#tfgf£WtB 
[0 0 5 0] 1818*5 ASHRy-hCGtt, 80S&©*:? 

uzMLxpmizmn'btir^-^MDQ. /dq^ 

NMOSh7>yx^QGM/)^>5:y, mM©*^A(Z) 
If? M**TB L, /B L&iHR-rsfcift)©*5Aa!iF»8 

csLJcfcy^w-s/^wwsn. #fS-f-5#5A©-fe> 



(8) 4$BB¥ 1 1 -23 8 3 8 7 
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•5fe©©%©-e*-g)o 
[0 0 5 1] KfflB^U^-V-^fflh5>^*QPti, 

vccy - Ki: tr? HWttB l, /bl fcoHfc-en-en 

&©T&£„ 

[0052] <mimm> ®s, H6) 

H 5 tt. Hi Ht6Ht=A&BI l © F r AMtc fcft snffl 
10 t-*-# ("0" , /"l") ©fJ5*ffiU/»Sii*iW^©fl 

[0 0 5 3] H6Wu SB lHJ6W(Ci3W*"0" §g^/" 
1" ^©IWlCfcttSt^y H»«f£fcFRAM-fe;i/© 

[0 0 54] S5(CfeV^, EQtetfy htt^U^-^- 

cci: o v £ vGcaxa&Kftrt- •£>„ 

20 [0 0 5 5] VBL(M/C)WSKRa*lfc-fe;b G«K-fe;i/) 
tcgasatvtusfcfy M*BL©*ffi, V B L(S/A)«HU 

^QT&^-LTg§^SnT^S-i2>^7>^iDc3 2© 
fcf V MSB L00«BbT'«><5o 

[0 0 5 6] V/BL(M/C)»*aW?S*lfcf^— Gi#! 
v/bl(s/a) tttfilffiHKd^ — fe;wcjssKS*ir ^-5 \±v 

vtas b l (c«»^^q t tit Lxmn^x 

■fe>^7>^lgW©try h»/BL©«EE (#M«J±) 
30 T?*>S. 

[0 0 5 7] V WL li9- KM6BjRHK» (BEH±-f) (CJ: 

y jKRsnfco- k» Gmv- rml «ai*wl o) 

©ffillT-fe y . 0 V i:#EffiEEVppi:©p B 1$:^-ffc-rs o 

vdwl mmwm m^a*) k.*vm 

/DWL) ©«ETf*y, 0 VilVOCClBI&aeffcf 6. 

[00 58] 4> t Q T©^- h ICTOD$ 

*l*«0W^ □ "V tm^Xib y , VCCi: 0 V £ VCC+ V th 
RJb©«ft (#JBEmi±Vpp) tVCC©R|SXffr*. 
40 [0 0 5 9] /SAN«NMOS-fe>^7>y?S'tt-fbfi 
#T*&y, VCC£0V©P^&^bU SAPliPMOS 
t>X7>^tti^tS)^ 0 Vi: V0C©iaS:3Effc 

[0 0 6 0] Vp L (i^U- h#S3^4RtMlIB& (EKr&-f) (C 

lo) romET'&y, ov^vcxwra&^ffc-ts. 
[oo6i] mz. wummiz&v&t^v-tjifrt, 
©-^-^©^mL/^ii^iw^tcovNT, us 

so L3&*^e>siwt6. 



(9) 



ifSBFP 1 1 -23 83 8 7 
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[0062] (i) mmmxu. m^EQummm 
(*&}-&mmi"<)i' "i" . vcc) ^u*-* 

U-fe;HiW3 1 ©e'y Mi#B L, /B Lffl«fi*«VSS 

[0 0 6 3] tfy K^U^-V-^ffi^VprA^ 

iSttftJK (^MT'ttl^ll/^l/ "1" . VCC) T?*»J. 

[00 64] SIS*fliU/»Sii*»f^©BB&fCfiRL/T, 

"0". 0V) tc LT :7U 35 -fXEB&SJ 

[0 0 6 5] (2) «fclC, fflWVprfclSffirai 
^H|b^;i/ "0" , OV) {CL/T^U^-V-^fflh^^ 

MifcfBL, /BL©«ftS:VCCJcyj^-V-S?b. ^ 
U-fe;»^Sc<Dtry h«»tBL, /BLfcVCC-VthlC:/ 

^f- MC(^3ftT^&1WW*ny t#VCC© 20 

VCC-Vth-AVl 
fC&S^-TS. ZMZftLT. t^VlsMFr ¥-* 
(Dm&lZt'y MSB L*»&«BI»*t^i/*©^ h 

VCC-Vth-AV2 

[0 0 7 0] ~~T% tMBLfc-fc^lC^y-WWC"!)" 
hWmfr^^v h»iJT'fe'J> ^=E'JtMC"l" -r*-* 



* [0 0 6 6] (3) mz. ^)^-*r-VM N5>v'7.#Q 
P£#:7lCJ!Lfc1&. (flfcttfWLO) © 

1R1>)VibWM2nT^Z>**V^)\ffi$,V>¥v HUB L 
[0 0 6 7] ii-Cft****!*. Z.<Df%&X'i*£t£zf 

u- h«{avpLtto v<o**T»fc»J, mE&lrb&vy, 
[0 0 6 8] lit, EI6fC^f H^T-U^UUCfi 

[0 0 6 9] Hi, jl^'JtMT "r-$(Dig&\Z\£ 
V H»B Lfr£3iffi«(to i *'t2'*©* h K 

K i: ^ ^ I) -fe ;Hi«© t'y hIBL ©«&l± 

•••(l) 

u-y^-Kt^^'J-fe^fRW©^ MKB LtDUmt 

-(2) 

★(c#tj&$tifcm» "o" ^-^tfsatstvr:^*^ 
1" -r- * t>mmznx hs* ^ u «/i/tc#i/r ttdtt 



VCC-Vth-AVl <VCC-Vth-AV2 



(3) 



[0 0 7 1] ±mLf~£oiZ"0" 7=-**«Sfc#ffi^tlfc 

m&>¥y MftB LOMtfiUtVOC-Vth^b-tn-PnAV 
1 , AV2 THW33fclCfcy, iiisli^QT^ 

©f-yHW) ©«tfl^tfV0C-VthKfc5*T?i88<. 
[0 0 7 2] ^^E'J-fe^I^cCOtl'y hHiii:t>X7 

7, 7 y -?i>mo> tf v h«®*©*^s ^©t% 

[0 0 7 3] (4) |ffffiUfeJ:-5«:ir>^r>^'1i«^e> 
-J'-Q 'VOW- hlZtW)\i£HZ t HHfitp? □ -> ^ 

t &o vizmttzuz&^xwmim+QT 50 



S:*7{CL-C^* U1z;HB«3 1 ii-fe>XT>^I^3 
2t*WmL. NMOSt^7>7"Mf-§-/S 
ANS:?gttft (OV) -tS^il^^PMOS-fe^XT^ 
^Sttft«^SAPS:?Sttft (VCC) -r^3i;tCj;c.T 
■tz>XTy7S/AZfflifcLTimW%*:47<<\ 

AmfmcsL&tmit (vco -t^z^tcjioT^^ 

KLKT-y HM8*B L, /B LCD^-^^te^-f-S. 
ZlCD^D-fe^iljtfi^f UT^U- h«SEVpL5:VCC(C3it. 
±tfTS< (^U-h®M&#ffiLTfi<) . 
[00 74] (5) fyfab£±e>(C^-hmj±Vp L S:V 

VCC+VthOi:CD«fiC (Vpp) fSffifbStlfe* 

*©iz>7.r y-fs/AOT-* tcM^x** u -fe^I 

*£3 10bfy h»lCff«a*«EES:Jn^.S. ZCD^T' 
■7°U- h*{£VpL«:7C0>OVK:iiU M^T, C7-K» 
vBtiv WL ^J:£>'^< -9- K^tsZVDWL ^/c»o vtc 
SL •fe>7T>^S/A^NS#WC-rtl{l 
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[0 0 7 5] BP*>, "0" ^-^ASB^ffiSnfelft^tC 
tc, rfu-vmfrt>^v hllffl*©a*WfcWi. "0" 

[0 0 7 6] ZLtUCMLT, "1" x-^*^^*m^tlfe 
^U-hfcCfcVpLftOVKRLfcBttCtfv him 

* *co vccT'&a®-??. ^ 

tffi&hfr $ *l d £: IC £ 
[0 0 7 7] 3<m S9»* D s> * t «: VCCIZM 

[00 7 8] i wTHi"? - * ©S*£*fW£&SiBi b£ 

umiz-by^yy^fms 2©tr-v h«WB l, /b l 
lcma©-r-*S:«#i2^ &t4M§#&*«i#i:|iO 

[0 0 7 9] ±33811 H»«©FRAMKfe^TJi. » 

^*«>S^tt«i*tCBRUTFRAM-fe;U<Z)Sffl»» 
^A^COMWCiflfc^SEE (Vpl-Vsn) ®*fi# 
1B14VCC (*£i4VCC-Vth) IC&£„ 

[0 0 8 0] '(£oT- **^>*ic#8t3ft6mitr*# 
e>*is ^ i: ic& y . * ^ y -t?;^- 9 cogg^m 
uwewsawcfc y . izwmz nzmmttf 

y , si^m L/mn ikmm. izmtitz f r am fcsesi'* 

■5 3 <h 

[0 0 8 1]. *fc, f|l|g^0!lCDFRAMlCj3^Tl4, 
4ftc "1" ^x-^J^fcSfiTv^Stetc^f^S/ 
* C t 7. A v h 7 > # Q t CDg§^y - KCDSffi 
VsN^ttSS y - ^ (C J; y VCC-* 0 V iC3# L/fefc L/T 
*>, 74 y?mby>yi?x*Q**7WBizVfri:&(D 
•fl>- bWSLVnP VCC/ 2 T'& < 0 V{C£ *iTV*Sfe 

D R AM-feWDJ: 3 ?;i/T'CD V 7 Uy ynM 

[0082] <mimmm<Dm&mi> (urn 
msmimmiz&^x. mmmm^QT^ *^y 
-fe;i/^e>^y h«a{cfg*m$tis^mfifS:ir>^T> 

T«S»T?*S *>\ -fe 7 > ^KW 3 2 e> * ^ y * ;i/ 

[0083] m 7 ti, as 1 -MMMcD-Mim 1 tcffi&ia i 

CD F R AMICUS -tfx- # «>SE*m 



(10) 11-238387 
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[0 0 8 4] m &&SCWHf5&0!l 1 & ffirBBffillgfeRI 
ttt^x, m &«i&t?& y . O >y ^ <t> t % 0 

*=eyiz;mB«3 1 t-tyxryyMm 2 tzwvm 
?*j$.yif*&ito, zmzWiT, ^y^ry^mi 

[0 0 8 5] BP*., if(fami|IS6WC^%Tt4, "0" se 
10 *-C0^lC-fe>7>7>^I^c3 2C0t^^ hUB LCOmffi 
VBL(S/A) AW;«ofe^T'. m^ffiil^^-QTS: 

>:/ffif!c3'2©tfy h^B L, /B L{C-fe>XV-^ 

itzmz>?-£tf"jmiz&z>. 

[0 0 8 6] <|gl!iS6#J«£#lJ2> (118) 

m&tiimmmizis^x. mmssm^-QT^ *^y 
iz e> tr v v mzmftiz $ ti^s$/hWf & -& > ^ t y 

-r^Hrefes^. i»>*7>:7fiB«3 2*^>^y-fe;i/ 

HP£3 l^.«#5:^U$oT^-7^{C^S^T-C0m^ 

[0087] IU814, &im&ma$&m2izmg>mi 

CO F R AMIC SSttSzHI?- * COK^m b/*^)A*i& 

[oo88] ^i miMfflomzm 2 it, mzm 1 mfe^j 

ttfy^T, |ej C#fiScT& y , ftWr^ a >v ^ M # * t & 0 
30 VfC&£1-3i:&C -fc>X|W1^lC#J±«!±Vpp{C± 

y, *<Dm\tmvx-&2>. 

[0 0 8 9] HP^, Byta^l|life^J(CfeV\Ttt, "0" ffi 
&<DmtlZ1zyX7y7°W®3 20)£y bBB L(DW± 
VBL(S/A) *WJ«ofeH,ST'. m?^Gl«-?-QT?: 
^-7ICL/TV^*\ 3C03»J2lC33Vv-a4, S^KiS 

te^H^-Q T Z*7lZ®m?Z>&r<S$-tz»1zy7Mft<D 

nmt*mz>z.iLttt&iztez>. 

40 [0 0 9 0] -fe>7.7>7?1^3 20tf-v hM 

AfBL. /BL{C1r>^v-s;>SnB^.«mffill*^C 
t-®mx~zy7,WsW$:fto <fc o fC, t>^7>^?Sttffc 
if/SAN, SAP<0«6ttft*-f 
tCjcoT, •fe>^tS^C0-®C0i«i${b : &lI-53il^tg 

[0 0 9 1] <^2HSSM> (H9. El 0) 

m2mmm\z* mvmimmM£mvWf&x2bz>£>\ * 

- h WiL V pl & o V J: y ne* T'TI^ ^ -fr* cfc -j ^7 
50 □'V^>^*$i±5**W;, -?"C0ffi{4iSIDT'S)S„ 
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[0 0 9 2] 0914. S52|QStWC«$iai©FRAM 

teas -fir-*- * <z>j»*m b/^g&aawftsSEas 

»ft5%**^5>^iP-hTf*a. lit', 
-H^omEVpL{i> OV£-VCCtO Vfc + VCCfcO 

[0 09 3] HI 0 (a) , (b) 14, Sg2^&£»C;}3 

F R AMi^U^^ftft^A^*©^;*.^ *>*MS 

[0 0 9 4] mz. HS2HS60iKld3»tS^ : EU-k^e> 10 
©— f^-*©8l5*aiU/»ei&*iMfK:ov^T, 09 
0^5>^-K BIO (a), (b) fflt^f 

[0095] a) wmtmutt* m-%EQtfwmm 
(*0yT'tti&au^ "i" , vcc) T-&y, ^u^-v 

•J t/*3 1 ©f^y hMBtB L, /B L©*&#VSS 

[0096] tt-, \zv vmiv+^-y^vvTim 
•mmm, (tmwmmwi "i" , vcc) 20 

[0 0 9 7] K*ffiU/»^ii»IW^©Bffl6tCB8UT, 

*r, fs^EQ^NSttt^ (ov) {cu-cyy^*- 

y • 3^ 4 XEIiS&SIJEQ A 7 iZU ^ U 
«3 l©lfy HMStfBL, /BL©^f37^X«t 

So 

[0 0 9 8] (2) mz. m^VprZffl&m (OV) IZ* 

VCC-Vth-AVa 
ICfcS. "1" 7*-*£»*ffiL,fe#&, -fe^r-V 

rti/9<DX h 1/-S/V- Kfc^y-WUBWS 1 ©tf'yJS30 

VCC-Vth-AVb -(5) 
ICfcS. ★SISS:ffe)©-e. "l" t-*- * &tfc*ffl bfeSte-Ctb^T 

[0103] 010 (a) . (b) ©tix-y-yi'*©** #<©^#iz;i/**/t2/*.c«£ft&tf. iot, £ 

frt>ftfrZ>£?lZ. "0" f ? -*S:a«*ffibfc»^t44>«* (4) fc(5) SrJttSUfeSte. 

VCC-Vth-AVa <VCC-Vth-AVb (6) 



7.7>^I^c3 2tf>£*-> MS#B L. /B L©tt(fi,8:V 
CCtC^U^-V-^U ^=EUi2MI^c3 l©e>v hi&&*f 
BL, /BL&VCC-VthtC^U-y-V-^l-S. 33 

hum u v >?m% * t waxmoyt&ffimz-QT 
iz£z>mwm?>~?:$>2>o 

[009 9] (3) fciZ, -7Vf?-i?mV ; 7yV7.ZQ 

p^7CMLm mRv- m (mtiwLo) © 

«ttVwL%VpptC3i'&±tf, SISis^T, a^^U-h 
$£3 (*fiCPttPLO) ©«fiVpL&OV^e)-V0C*'T? 

[0 10 0] ±8B>7- K,^«&V WL (Z)5i*»±mc c }; »J, 

iz;ujW^3ftTv*s*^yiz;uflR«3 i©tf^ h*j!B 
rc^awiiMJo 

[0 10 1] 33T\ ®^#4f*A:>*{C^«>*jMl 
TV^5^©^^"0" -r-^©^-(C(4, 
0 (a) IC^-tHTs^y S/^fiflKJCfeVN-ra j&fr&d j& 



^•fCti, £#liBlO (b) fcas-ttx-r-ys/^fflMifc 

[0 10 2] iCMBflt. "0" **«5»ffiL/fe*B^, 
-fe;i/dp-vA2/*©:* h U-SV - Kfc,** y -tMM3 
l©fcfy M*BL©«ffitt 

... (4 ) 

JK MSB L©m^(4 



£l&£o 

[0 10 4] ±IBL/fcJ:e)(C"0" 7 : -**«K*ftiS*lfc 
1" jB^ffl3ft;Mte»C*ffS LT ;* ^ U irMI 
^3 l©fcfy MSBL^S&teVCC-Vth^eft-^tl 
AVa . AVb TW£Z:i:&C&y. «SWKiiS*f-QT 
tf*>U iZ>XT>^I«lc3 2<Z)tf<y bMMfrb** 

S„ 3©fP5©3ftffi{4, «ffi*gaaft?QT©y-^fflJ 

u * y * mi^c 3i©^w ©m&#m>*vcc- 

VthfC&-5£T'$?Ko 

[0 10 5] ^=Ey-fe;ujS«3 i©^«y MKeat-lr^ 
XT>7*H^t3 2©t*<v M8iaa:4:&H«Ufc»^. a 

©-c% M&mziz>M>Mfm (Mf.to 'cm^mtjti 



[0106] (4) mzist-kote-ty^ry^ims 2 
^ e> ^ ^ y -fe 3 1 ^mffi©8Sffi©jffig«*FT l 
fc«, ^u-h«@S:0V{cjii- o 3©ya-fexi:^f 
ut, tfna^^c^-fQT&^^fcL-c^^y-fe^ 
40 ^3 1 ttyxyy^Mmms zt&wmu t> 

^y-hCG^>^M{CLT7 r -^^fDQ, /DQ 
[0 10 7] (5) i^T, #t>'m^^^QT(Z)^- 

h{cvcc+vthtui(Z)®fii (v P p) zmx, ffi&tzn 

tz. * * ©-fe >^ T > y S / A©f-*- * V NT ^ =E 'J M 
Mligc3 l©tf^ hMWBL, /BLICVCC, VSSO# 
-*$:^So 3©Nf*T% 010 (a), (b) ©t 
7>x'Jv7.aHn«7'j>e>^-&J:-i^ "0" ^00^t4b 



50 



'1" ®E^©^H{4d *(C«;So 
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[0 10 8] m^T. Zf\/- SmEV PL 5:VCC{C#JBE-r 
5„ 110 (a) , (b) ©t^x'J^>^ 

y, "i" w*®^«jib j^jc^sittcfts. 

[0 10 9] «V*T, ^l/-hmi±Vp L $:St>*OV{Cjg 
-r„ 3.©B|*T\ SI 10 (a) , (b) ©fc^-rU^:* 
mmfr*>ftPZ£olZ, "0" ^*©#H{ia ,6iC# 

y, "i" mfroxmm mz®z>zn\ztnz>. 
[oiio] za>vmz<y- Mtm&.vwLts£&#$- 

«?- R»«fiV|)WL &7t;©0 VfCMU t>7>7>^S 10 
/A Sr^fSftKffitCWi. EI 10 (b) COtXT-U^ 
Xffl»#«!h&**J:3lC, "1" SE*®4>Stt*»tCb 

[0 111] IP*), "0" f-'-##M<frffi2*l£*§&lC 
ii, -fly- hUEVpLtfVCa try M§«{£#0V©BSr 
fc, :/i/-Milw»e>£'y h»fa£©$r«#*fltfw "0" 

[0 112] ZltUotfLT, "1" t 1 — *3J>«af8*{tiS*lfc 

^i/- htt±vpL£ o v^nu^ct^ h«sm 

v HHWi^l/- h»fflS©3r*BV*tfi, "1" -r-# 
j^?«i*S*ifcri:JC«:S. 3©1£, ffifW^ay^ 

[0 113] ZirT'tt^-^OS^ii^SK^fi^Lfc 

•fe;!^- # &Sg#& u fc^o-t r y 7 s / a tct s 
t-'- * ii*, «ltt58M5&*SW£fc lei liUMT* 

*^y-tr;nB#3 i©t*>y ymzm^mm^o 30 

[0114] ±f3H2|IS6Mtcfev^i*, ItriifiL-fclgi 
h«BEVpLS:OV^e>-V0C*T*T*fSJ:-5lc3EftS-* 

[0 115] <^3^6g0!)> (HI 1, HI 2) 

Q T & # 7 ( C L T -fe > X r > 7 S / A { z J: 5 JtABW 
£;t;/fCLT, T&l^ftLT^fc-tz^XT^T'S/AS:;* 
53, yu- h^WEVpL&OVtcMS-rtC-VCCO*^ 
[0 1 1 6] Ell Hi, fg3|£|£#JtC&£Hl©FRA 

I/- h«W>*EVpLtt, 0V£:-VCC£ + VCCi:0V© 
[0117)812 (a) , (b) «, |g3|£86MtCfc 50 
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tt6"0" g&fr/'T' ^©KrffrC^Sbfy mmtttF 
RAMt ^©SS^Sft^ ^ y n* i/ $ c © fc: U i/ X 

[0118] &tc. si3|gjS0HcfcttSji*y-fe;i/j&»e> 
©-^-^©^aiL/S^&^iWtc-b^T, Hi 
l©^-{5>m-h, 112 (a) . (b) 

[0 119] m$m&frbWcfriiiL/9g&frWM¥Zffl 

•feMI^ 3 l /\©*^©^ffi©i®g#$ST-t-S * H<Drf 
a-fexte, luia^2|g6BWcSHS(i) 75M(3) ©^D 

[0120] (4) wmLf=.^o^yx7yrfmm 2 
a* e> * ^ y -iz 3 1 ^<5D®itcDS£aj<©iiSA^T u 

fcfit. 7 p U-h«ffiS:0VtCj|$1 , fC-V0C®**T. 

/A Sfflflt LTJttBtfflg&ffV \ * 5 ASHR-y- h C 

*fBL, /BL©f-^^Klit5 0 ZCDB&STCtt. H 
12 (a) . (b) rot^r'Ji/Xffil^^WJ:'? 
tC. "0" S6*/"l" ^*il=fo^®4d^-C'&e. 

[0121] (5) ffi^x, mi$mmam?-QT(D>f- 
h(cvcc+vthj^±©ma (vpp) &jdx, tstt^sn 

;HS«3 \<J)\Zv bBlz?m&frmj±Z:tiQz-Z>, Z<D& 
HI 2 (a) , (b) oyHXTVisZtimfrb 
ftfr&ZolZ, "0" SB*®4MHid j&0>&£-efe»J. " 
1" Sc^»^-®±e ^{C^Srfc{C*S. 

[0 1 2 2] «K^T, ^U- hmEEV PL ?:VCC{C#i±1- 
S„ Z<Df%&X\ Hi 2 (a) , (b) ffltXf'J i>X 
ffl^6^€>J:otC, "0" Sfc»®d«l*c 
U, "1" S«»®»«ttb ,^.{C#^3^(C^§ 0 

[0 12 3] M^T, ^U-h«±V PL S:St>*0V(CM 
•f„ Zffl^.T*, HI 2 (a) , (b) CDtX^'J S/X 

iaifc^64>*^j:e»ic, "o" wmtomu 

U, "1" Ki5M04^ffiJ4d mz®£ZtHZft& 0 

[0124] z<Dvmvv-himmvui&&tf#$- 

/ASr^Ka^KfBJCttUi. HI 2 (b) ©tX^'Ji/ 

xmm^#frz>&oiz. "i" »*®4>«tt^fcb 

[0 12 5] BP*>, "0" T-*-^*-»ffi$tlfc^lC 
tiu ^U- SWEVpL^VCC, ^hiS^OV©^ 
tc, ^i/-hll^&ifvhllift*CDd«*««ft»#v. "0" 

[0 12 6] ZLtllC*fLT, "1" ^-^^^ffiStVfc 
yu- h«i±VpL$:0 VClbWlClf'y h|K« 

>y MS^b^U- h»I^S<0^ffi*«* x *U "1" -r-* 
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[0 12 7] 3©&, W^D'V^if* t SrVCCKJ! 
U yj^-V-i/'- -Tn^-fXIlIS&gPEQA&Tf-XCL, 

[0128] zz-zht-* <D¥m&&mtzm,m l t~ 

■fe;i/T-*- # &Ss#-ffi L £B£©-fc y X T > :/ S / A {C <fc 5 

* ^ u 3 1 cotf^ vmzm^Mt^\ 10 

[0 12 9] J;SBfS3|IS60!l(C£^T«U BtjiZ&UfelSl 
bW± Vp L £ 0 Vfr e> - VCC* T?Ttf fe^tC + VCC£ T- 

^fc<*-e6<zre, tfjiaii2^sM©j;o^i/-hmi± 

Vpl & 0 V L T + VCC{C#£Ef 3 © £it 

[0130] Hi3ii imw><»mz(»m&<mmz.& 

h^mfr- * *tmnffl£ F R AM©±gg|5©Wlg#rf5j<; 
fcj^LTfcy, #tC*^U/fe;i/7W£J:t>*Mi2imS&© 
-gP©[§li&^3:^LT^3. 20 

[0 13 1] HI 31C&VVT. 3 0«f-^^tl. 
^^Utjbft 3 2k (k = 0, 1, 2) te^U-fe 

>*7>7" (S/A) ffitfc (BLO./BLO), 
(BL1./BL1). (BL2 , /B L2 ) «i9iB3 
fI©-fe>X7>Xfl*iS:3 2 k (k = 0, 1, 2) iCfett 

[0 13 2] KTF, |yie3{@(D-fe>^T>^I^3 2 k 
Sr. «?t«SaS*fQT«^e>S51©-t>^7>^ , «l«3 30 
2 0, H2(7)-fe>X7'>7 , fI^!c3 2 1, ^3©-fe>X7 

[0 13 3] BofiB^^U-feMMS 0i:3{gO-fe>XT 
>7fliBc 3 2 k £ li, * *E 'J -fe;bffi^c3 0 CD fcfy hftgft 
BL, /BL£fgl©i*>7.7>7^3 2 0©H*>y b 
MWBLO, /BLO fc©|HHC*ft€*llfiB*A3ftfc 
NMOSh7>^f (y- h n >V ^fS^" * t 

S„ 40 
[0 13 4] ffj3a^lc7)-fe>^T>^iiSc3 2 0 

©fc'y HtttfBLO , /BLO il^2CD-fe>^.T>yfI 
ige3 2 l©tr>y MgjttB LI , /B LI £H M*W»C 

■tn-rn 1 was nt-fe >x 7 > ^wsawi© nm 

OS K^S^^QStCfcoTgW&fV. ^^(Cg&M 
WyttLjWJ*>ttSJ:-ifCfcoT^S. 
[0 13 5] ft$lC. SulB^2(7)-fe>7.7>^I^3 2 
lOtTy h^*fB LI , /B LI <!:3g3©-fe>7.7>7'' 
i!W@c3 2 2©fcf-y Mi8#jB L2 , /B L2 til P*&I3I 
tC-t n-etl 1 fl»AS ftfcU > * 7 > ^IR«d«Iffi(0 N 50 
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MOS h5>^**QS{C«fcoW?J6*U ^WtC^ 
j^yjfcUWrfoft&J^KfcoTVvS. 

[0 13 6] $<bfc, ^=E'j-t;u««3 0K:i(rBasSi© 
-tr>^7>^I^c3 2 0£J:tfSg2©-fe>;*7>71Pl>c 
3 2 1 £^LTg^2ftT^£H3©-fe>X7>7"fI^ 
3 2 2©t^y M&§&fBL2 , /BL2 fcVCC/ — Kfc© 

SUSHIS *U #3©-fe>*7>:/IH«3 2 2**e> 
^ 1 fflt>^7>^3 2 0 ixt'0#tf7 MSljtfBL 
2 . /B L2 ~B LO , /B LO VCCtC^U^ 

[0 13 7] ttflB^^U-feMI^S 0<Z>*tCtdU Jl^'j 

7WMCACOftfifC, ify HM&fB L. /BL&yj'? 

gPEQAS^. 

[0 13 8] ±|3^ ; EU-fe;HVl/C«, 01 &#R^LT 
HUK£LfeJ:e>^l • l3r-vAi/#3MS 

ie»^=b©-Cfe5. 

[0 13 9] H-^iH^M/CWX-f «y^5ft?-ffl'h5 
> ^7. * Q©^- h iC{iftiHC7- hlW L i (f^6<J 
(CWLO, WL 1©2*©*^LT^5) A^^StlT 
£y, ffl— fi<01z)\M/C(D3r J rrtis#C<?)'7\s- bM 

MK\z#mc7\/-bMPLi (rmm^PLo, pl 
i©2*©#wt/T^s) *^sKs*i"ce»j, tfnac- 

hlSSWL i feckO'XU- hlgP L i J±WtC»^e>*lT 
V^§ 0 SibtC, |l|-^J©t;i/M/C©S7>^X^Q© 
F W >lCl±^aiC^>v h,^*fB L, /B L«$n 

[0 14 0] ffiMzfvrv-¥ ■ A n^XBB&aiEQ 
AH ^h«^Ufir-yift (^JT'tig^SSfiV 
SS) ^x.<itl-&VSS^il^ ; E'J-feMI^c3 0©t^>v h 

n*fB l, /b Ltowjc-en^etigswsnfc^ h«s 

>V MSMB L, /B LHKSSKSftfel^y h»mt£^ =l 

y-^' • -f 37-rx§owi#EQtc<tyf!i^$ti5„ 
[oi4i] fcjs. swa/^u-e;HR«3 o©M5c*© 

"7 - H»W Lid 7 K UT-ft-g-HS^V 9 - hUSei 
(Ha^r-f) tci'J 1*©9-K^ (MxiiWL 
0) *^snTC7-NlSaHB«EVwL*H^$*iS. 
[0 14 2] 85f2^=Ey-fe;MS^3 0©^*© 
^U-M*PLi 14. 7 K W^f^-lCSo'v^T'b- h 

%mm8& m^±T> tcty i*©t"i/-m8 (ma 
s. 



25 

[0 14 3] BU41*. Ell 3©#ffiFRAMiC£tf.S 
[0 14 4] i©-fe>^T>^llB*3 2k©4«fCl±, -fe 

•§>„ ±as-fe>*7>7s/Att. afiRaft^t'jw 

&1Z>:*ffl©NMOSt:>;*7>:/33J:t>*E'y h$S^2 
(VCC) tciBiad-ftSfc*)©^^ hMttfiU 
* hTMOPMOS-tZ^T^^&fcS. 
[0 14 5] fcjS, ±I3NMOS-fe>XT>7 P {iNMO 

s t t > -fmmm^/ san^ovs t« voce 
gwt-r s z. t iz j: y «§t^#ft&i*imftWJ»a*u stria 
PMost>x7>^«PMos -fe >xy y-f'&mtm 

fSAP # vec* fetto vtcggfb-r s i i: c J: y fgtt/ 

[0 14 6] Hffia-fe>XT>^fI^3 2 k©#^AJlUR 

f*-**S*fDQk, /DQk (k = 0, 1, 2) ©e>*> 
©*fe&f.5-*fi:, SftWfit^ hfflt (BLO , /B 
LO ) , (BL1,/BL1), (BL2,/BL2) 

^IfflA7A©tf>y hifeS&f (BLO . /BL 
0), (BL1,/BL1). (BL2,/BL2)£ 

aiRi-sfetf)©*5i»3»wi«c s Ltc j: y^aow 

S*U ^1--&*5A(D-fe>XT>yS/AiCiytbgc 
*IW6L-fcf£©t^ bWZt (B LO ; /B LO ) . (B L 
1,/BL1), (B L2 . /B L2 ) ©ir— # ttttlZ- 

[0147] m&^^y^yy^mm 2k©*' 

5— fe;i/gBDCA«. -fe>XT>7"M^3 2 kfCfcttS 
*Hfr*&tf 9 h» (B LO , /B LO ) , (B LI , / 
BL1), (BL2 , /BL2 ) (Clf@-fo^$n^ 

;u$:S»?-rsfc«)©^5-9-hlS (f^fftfc^-tfjtc 
3iWSttSHitffcfci-2;*tf>DWL, /DWLW^l 

[0 14 8] 33T*a«1-^S^ fe;W»DCA 
tt-fe>^7>^"1Stt3 2 kfcKJ*fcS#RBWaS:ft*>Aa 

[0 14 9] ^gess^im, tmfS-tMzLT. M 
1Z?Z>#5.-V- KJiDWLSfett/DWL/W-hfC 
gggsStlfc;^ -vfM©NMOS h5>S?**Qd (-fe 
;i0X>f7fffl©NMOS h^i^^QfcH**©*) 
©) JL©h5>^**QdKii^U(c^c34-u ¥- 
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■fe;i^im<Si^ffl©NMOS h^ypx*Qctz% 
U JdBtfS — feJb^Sft{^ffl©NMO S h5>S> 
X*Qc©-flBJC^— e;i^lfiVDCk (k = 

o. i. 2) *^a.e>*iTv*s. ±8B4f $ — 

CPS- ^-r7-K»DWL*feli/DWL*^HRS 

10 [0 15 0] i5ia§t>X7>«3 2 kT* 

J*. 2*(D*^-9-K«iDWL, /DWLOo-fe, fa 
IB^Ui^l/M^S 0T*«JR34lfc 1#©<7- m (« 
*.«WL0) tC.fcyjBWStli-feA'MCjWfiKSnTV^ 
5tr«y M8 (#H*.tfBL0 , B LI , B L2 ) h#f£& 
■tgOCD^y U§ (#I*_«/B LO . /B LI , /BL 
2) JCliSKStiTV^*^— fe;bS:aHR-r4fc«){Cl* 
©#<-U-K3£ («*.«/DWL) tf^-g-KiH 

SBWKEVdwl *<0«&<35*ia. 

20 [0151] ^ e>tc. hi 3<oig»ptncii, tww^y 

[0 15 2] 3©S»^«&«,mHISS«, *=E'J-fe;i/ 
«Rfi3 0©tT»y MUMB L, /BL t.— ^©HSii^W 
fe«*&,^l 1, /l lfc©WK:^LTg5tt<!S*ifc-# 
©NMOS h^>^*TrL Trl2 ^, ^l©H*ii 

&fQ$Lh lt vss^x. ^nsn i ©s*a»«ffii» i 
3 0fe«fcufi^--*r©BaBi*«fi:«*8»i i> /i i 

30 ©r^C^g^fe^l©B»ii**e^IU!?&^, ^2 
©^tfji^ttfei; LT VCC/ 3 #-£x. e>*lft* 2 ©H« 

i£*mflo»i 3 1 as *t«3ga-?*©s«i*«fit^*&iii 

Hftfc, ^3 <D¥m&frW&£ LX 2 VCC/ 3 ^ 
n*!B3©||«&**fiS»l 3 2 j3J:t>*t^B-*t©^» 

ii**fa^*s«» ii, /ii ©ra^^s 3 ©s 

^ii^Sffia^EIi^i:, H4 ©S«ii*mi; LT vec 

64XSH4 ©s^ji^mms 1 3 3 as it>wa- 
#®sw&*«a«te*8 ii. /ii ©fstcg^stifc 

[0 15 3] Btj|B-*f©NMOS h5>^*Trl, T 
rl2 tt, #^-SAWf£i;LT-M©S»^*f!l^-h 
IR 1 4 . / 1 4 ©«filC«fc U IBWStlS. 

[0 15 4] tffiBmi©s»ji^meBiW[iis&^ itna 
-^f©s^ji*mfi#^?«©e> *»©-* 1 1 ©s 

tt&^SffidK 1 3 0 £©P^C!0lJ(Cgg^2;flfc PMO S 
Tr2feJ:tJfNMOS Tr3t. 
SyiB-*f©S»iA^*^«^?<S©t)t»©ftfi^/l li:« 

j ©s«ii*mfc^ 1 3 o tiGjffliz&Miztmzfttz p 

50 MOS h5>^'X*Trl3 j3<tt>'NMOS h5>i>*^* 
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Trl4 ££^-5. x*Tr22 tSr^-f*. 

[0 15 5] 3©#£, ±iaPMOS b^>S/'7.*Tr2 [0 16 1] 3©*§-£\ ±f3NMOS h^>i?X^Trl 

£>J;t>Trl3 14. *{f-h*^*f5LTiaiaillCD-fe>X 0 £J;tfTr21 14. hjW*ft6LTiMafl53©-fe> 
7>^Wc3 Z0<D\£*j h*K#B LO , /B LO ©«& *7>7flB«3 2 2<D\£y htifflB L2 , /B L2 ©® 

tC«fcy«f»3*U tiflSNMOS h9>2>**Tr3a3«fctf ffiKIJ: UMHStU gi/SBNMOS h^>t/X^Trll 
Trl4 14, #4*- h)W*f(6UT-*f«>* 1 ©»0W- b «fcO*Tr22 (4, &^*- h*9«6l/t— Sfa>»4 ©SBfty 

in 5, /i 5CDmmz£v®mznz>. -mi 8. /i 8 ©s&icj: gratis. 

[0 15 6] MaH2C0S»iA^«fi^HIg&{4, mma [0162] HIS (a) (4, 01 3©FRAM{C£^ 

—#©3^#*ffi#*&ifS© e> *>©-# 1 1 h% 2 CDS T 3 jffi©-r- D Q k . /DQk ©f-*- * & -ft 2 
1 3 1 fc©ra£!S3WC8a8a*lfcNMO S 10 t'-v h^CD I /OtWfrr- # K$mt&f6 1 ©f"*- * 

h5>S>'**Tr4£«J:l>*PMOS h^>^X^Tr5j3<fc IHMeIS8©-«3:^*-EB&B. Ell 5 (b) tele® 

&##&!$© ?*>©*&£/ 1 l ^2©nasi*«fiQ(gi [0163] 015 (a) tcfcwr, rjdxtrt-y Km 

3 1 ^©IBBCiSWIKlgSKStlfcNMOS h^>£>**#T g&4 1—4 6 teitf-f >A-#[I!i&4 7~5 0t4, Ell 
rl5 fe±t>*PMOS h5>S>:**Trl6 fii^NMOS 5 (b) ^1?Pilii^|^£J^-$J:3K:a&JfflR 

[0 15 7] 3©*§^, JifBNMOS h5>i/"X^Tr4 [0 16 4] Ell 6 (a) {4, Hi 3(QFRAMIC^\ 

feJ:t>*Trl5 14. h^*f/SLTSfflBlll ©1z>* T-ffl2tfy h^T'A^Ufc I /OjfeS&f-r-* & 3*1 

r>7«3 2 0©fcfy NUMB LO , /B LO ©m& ©-r-#i8§!*fDQ k, /DQk©7 r -*K3QJW.&f&2 
tC«fc*J«!BSrS*U IrfiaPMOS h5>i/'^.^Tr5feJ;t>* 20 ©^-^SQWlB^— ftl&^t'iaS&H, 016 (b) {4 

Trl6 (4. h*W/SUTBuSaH2©-fe>XT>y HO0 (a) ®EB&©ftf^S:*b-rMffifli»'^feS. 

H«3 2 l©tf>y MSfcfcfBLl , /B LI ©«&fCj:y [0 16 5] 01 6 (a) IC&^T, — A*©^"> KEI 

ftO^$tU fjfBNMOS h^>^^Tr6d3«fc^Trl7 8&6 1, 6 7. r.A±KDJ 70S&6 3. 6 5fe4W> 

14, ^-btfflmLX-tt<ffi2<GmVf-h»l A-*®8&6 2, 64, 6 6, 6 8(4, 01 6 (b) (C 

[0158] iSiB^3©ns5i*affiaiRiiiK{4, tuia s Q 

— »©Sa5&*«ffi#«Sil»©-5t)ffl— * 1 1 fcH3©|| [0 16 6] <H4^M> (01 7, 01 8) 

W&frW.itm 1 3 2 ^©RIJCaWlf-gSRatlfeNMO S HI 7 {4. $4 HJgM(C^50 1 3 ©#HfllF R AIVHC& 

h^>$;*#Ti7a3«fctf PMOS h^>^;*# Tr8fc J; W*^^-*©Sl5*tliL/»Sa*SM^©ttEtS9^S: 
t>*NMOS Y^yV^TvQh. faiB-*f©S»Ji*« 30 j^-f#>f * yff-^- hT'&S. 

®.m&m<Do*><Dmij/ 1 itai3©saB&*mfi5»i [o 1 6 7] 01 8 (a) j&s (<i) m^^miz 

3 2i:©P^Cifi?IJ{Cg^$tlfeNMOS h5>^^T ^ESffi-r-*-^ (#■?-# SffiiCtt»C*n**l"0" , "1 

rl8 33J:tfPMOS h5>S>X*Trl9 £<fctfNMOS /3" , "2/3" , "1" fcDfcJR. ) ffli^ffiLifflCffot:' 

b^>^^Tr20 ^Sr^fSo <v h«S5@fili:FRAM-fe;i/©^SI®flcdp-vy\ , i'^©t:^ 

[0159] 3©#£\ ±iaNMO S h 9 > ^ * Tr7 t" U S/^U&«W)B8filS:SJWB'r S fc«>tC5Vf 
£J:?>'Trl8 14. ^r f -h*W0LTftffaH2©-fe>^ [0 16 8] 01 7(CJ3^T, EQtttfy h»^U^-v 

T>^tB^c3 2 1 ©t*>y S«*fB LI , /B LI ©«& . • 4 X{§-5§-, Vprt4ir>^T>^«cT*dWI 

tcfcywwsn. MiaPMos h5>^^Tr8^j;i>* snsify m^y*-v-yflWT»*y, -tax-envcc 

Trl9 (4, h^M0LTB5iBH3©-fe>^7>^ tOVfflfl&im. 

ffim3 2 2©b'>y K^TB L2 , /B L2 ©mfifCfc U 40 [0 16 9] V B L(M/C) I4^($tlfe-fe;b GffiR-fe^) 

fflWZtU BM3NMOS h^>^^Tr9fe<J;O { Tr20 {CS^Bc5tlTV^5l^>y h$SB Lro^EE, V B L(S/A) «Su 

14, #>f- h*W0UT-*f©^3©^y- HWi fa^•fe:;l/^c^$4^-cv^^^f>v b^SB Ltca?^m 

7, /i 7©«fi:{cj:y«ijwans. ^QT^Lrm^nx^^-tyxry^fm^y 

[oi6o] guiam4 <Dnm^m&mmmt. Suia h»B L©«iir-*>s. 

-*f©^ii*«ew&?«©e)*.©-*i i £^4©if [0 17 0] v/bl (mc) iiMtRZnfr?^ -- Gg^ 

1 3 3 fc©Htce#JfC8a8£tlfcNMO S ^'^ — fe;i/) tCSSWSnt V^S ^^V b*S/B L©®±, 

h^>i/-X*TrlO fc<fctfNMOS N^V^^Trll V/BL(S/A)«t5tBS^^$ — fe;WCJ8gS3*VO^tr*/ 

BufB-*f©SS^mS^IS©ot»©flfi^/l 1 h«l/BLK:mffi<EiSl3R?-QTS:^LTSSKa*iT^6 

i:354 wm&frmm 1 3 3 fc©Batcia^j{cBgKs*i t>^7>7"»^ h^/b l©®± (#i!«'®±) 

feNMOS b5>^*#Tr21 feJ:t>*NMOS 50 T'S>-6 0 
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[0 17 1] VwLtt?- MKeftlffig (BBrW fCj: 

Vdwl WHHRER (BBctrr) KJ:*JSB 

#l£ — C7— RS OHR* $ -V- KML 
/DWL) ©lEET'&y, 0 ViiVCC©r^S:^ft-r-So 
[0 17 2] * t ttWStSSJI?-QT©4*- MCPMJ[J£ 
ti&WHfaytrwejbV* VCC£ 0 Vfc VCC+ Vth 

r±©«& (#"JAtfBtffa#i±«avpp) cDBBftSEfb-r 

So 10 

[0 17 3] /S ANiiNMO St>^7>^ffiftfbf 
^T'&'A VOCfcOVCDia&SEfbU SAPtiPMOS 

tw> 7»-f wi#T'fe y , o v £ vcccdh fegsffc 

[0 17 4] VpLtt^U- MWBRBW (SEW) iZ 

lo) ovi:vcc©iaS:SEfb-rs. 
[0 17 5] &{C, ^4HJ6Wc^tt€)^^u-fe;b^b 
©Eg-ffif-*-^CDSc*fflL/«$ii*i&#{Co^T, Ell 
7ffl*^i>yf + -K H18 (a)M(d)C!)t 20 

[oi7 6] ^mmmK^xm^umffj^tii. m 

WBim^-Q TfcJBHSClfcJCfcy &Wrr- 9 ©Steffi 

[0177] (i) mmmxit, m^EQwsmm 

"1" , VCC) T?&*J, yj^-V 

— • -i xEssauE q A^>miT'& y . * ^ 

U -feJI/ffittS 0©^y h^f-B L, /B L©S&#VSS 
tCKSSftt^S. 30 
[0 17 8] tfy hll^U^^-S^l^Vpr^ 

vStt^ffi (*Mt*tiaiK;b "i" , vcc) -e&y, 

^'Jf Y-i/lh7> t/'X # Q P ti* :74flKT'* -§>„ 

[0 17 9] «^U/^*ii«>»mo|IWttC|RLT, 
*TT. flt*EQS:*«tttt» (0 V) \ZhXzfV*V- 

v- >fn^>f xia»ajEQASr^-7icu ^^y-fe;bfi 

«3 0ffll^yH»#BL, /BL©-f n^X£j§¥fi&-t 

So 

[0 18 0] (2) 7£tC, fl^Vpr&fgffifflB (OV) iC 
LTXU^r-i/Mh^>^^QP$:>r>{CL, 40 
^.T>XfI^c3 2 2~3 2 0©l^y M!*fB L2 , /B 
L2—BL0 , /BLO ©f|&£ VCClCXy 
U *^'J-fe;i/fli8c3 0©fcTy HKfcfBU /BL5:V 
OC-VthtC^U-^-v-^-rs. 33t, -Vthtt«ffiPIE 

* ttfV(Z<Dfl&WZffl*^*QTiZ£&fflm&t>X*2b 

So 

[0181] 3©b#. m&3M<D J tyx7y?m 

*IT^£„ 50 
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[0182] (3) ■jvrv-vmh^yyxfiQ 

«&V WL $:Vpp{C5it.±tf-5„ 3©?- R$«&V WL © 

iz*»±(f (c d: y , aw? - Kiitcmms nx \, ^maz 
)ia>xj yl-mb^yiS^tQtfstytfM <mtm*>it 
&vy tcfcy, ajR-fe^b^^gSRStiTV^S^^y^HR 
«®fcTy MSB L*»63fflR-fe;UZ>aiSI«#^f^y'?S/^C 

[0 18 3] IIT'ftSt^ltl 3©^*T«^f£X 
U- hm^VpL«0V©**T'&So 

[0 18 4] ^mft*^S/#C{C^S/)>;ftT^.g> 
#«©ttJ»#"0" , "1/3" , "2/3'\ "1" ®»£lCfc, 
*4veti*fjS LT0 1 8 ( a ) ( d ) IC^-f t: Xt- 
y^ftiSRtCfev^Talj^, cl,£„ dlj& bl^JC^S. 

[0 18 5] ±§2L£#*S©:|ftll#"0" , "1/3" 

. "2/3" , "1" ©^*-#»^ffi£n£:B#©-fe;b^ 

/■<*/# c<z>x h u-t>v- Ki:^^y-t;bMiDc©tr^ N 
»BL©*(&#, -en-enst/SLTVo , vi/ 3 , v 
2/3 . Vi fcfcsfcfst, 

Vo <Vi/ 3 <V 2 /3 <Vi <VCC-Vth 

[0 18 6] *^yiz;i/^e>±fe©ie>&^-##S^ 
ffiStk tf'V h*SBL©m^VCC-Vth^PjT^S 

2-3 2 0©fcf>y MSB L2 ~B L0 jii^^^'Jt;!^ 
[0 18 7] ZZX\ tula "0", "1/3" , "2/3" , "1" 

(DT-*tfm&liiZnt=.mzi*yx7yzfffl&3 2 0, 

3 2 1, 3 2 2©#^y -€-*l-?tlV s0 , 

Vsl/3^ V s2 /3. VsilZ&Zt-tZ. 

[0 18 8] (4) tmbtL&o&lzyxTy^ffimfr'b 
* ^ y ■fe;HB«t 3 0 ^©«fif®SKm®aHi*<»7 
tft. «?5nfBS^QTS:*7tcLT^^y-fe;HSW3 0 

^e>-fe>x7>y^3 2kw;itu *^ «B3 

LT3{B©-fe>XT>XfI^3 2 k©#tT>y hi«*f (B 
LO./BLO), (BL1,/BL1), (B L2 , 
/BL2 ) S:-Wy»t. 
[0 18 9] (5) mz, £-tyx7y7ffl$3 2 k©hT 
>V t>*l/B LO s /B LI , /B L2 fflUCgS^StlT^ 
S ~*MZ$U&t& MM (*itii/D 

wl) ©*&v DWL «:3i'fe±»f. aw?4f^— lz;i/7b^# 

[0 19 0] ZZX\ &izy?.7y7ffl£3 2 ktCfci^ 
Tlf>v hH/B LO , /B LI /B L2 tCi!^ai-r# 

[0 19 1] BP-b, #t>X7>yiS3 2 ktCfe^S 

k=0 : (V s0 +V sl/3 ) /2 



(17) <&ffi¥- 1 1 -2 3 8 3 8 7 

31 32 
k=l : (V s i/3+V s2 /3) /2 (I/Oo . /I/Oo ) . (I/Oi . /I 

k=2 : (V s2 /3+V s i) /2 /Oi ) UT(0,1) , (0,1) 6^y^HWK:ffiA"t6. 

fc«t&«fc^K:Kje$nT^s. [0201] #ac, -tey^Tyy's/Aizji&ktMimM 

[0 19 2] (6) mz. WR3»®-fe>^T>^W«» ©«, SWi*fWflSWiy-h«h5>y^#Trl, T 

fUffl h5>^*QSfC«fc»J^IS*lTV^S#-fe>^T r3, Tr€, Tr9, Trll lf»&#ftfi#9&» 

WfcfJ^. iOlS*. 3ffl©-fe>^T>^S/Att, [0 2 0 2] 3CDBf, #-fe>^T>^HW3 2 kJCfeW 

«*^e>»»ma5*iTv^fe liiaoBsia®^-* & 3« aaast- st:? h$s*f (b lo , /b lo ) , (b li 

CO - Mt-*- # lZ$m Lf=.Z£lZf££ a . /BL1 ) , (BL2 , /B L2 ) tt*fjELT(0, 

[0 19 3] &{C, ±IB##J£*l£#3Itf>#-fe>;X7> 10 1) ,(0,1) . (0,1) {C^oT^-5(Z)T% S*&*«fi38#l 

yfligc3 2k(CfcV>T, ^^AilMlCSL^Ii-fb ¥~ r-E r-5>^*#Tr4, Tr7, TrlOtf^U Tr 

(VCC) fS3ttC<koT*5Aa^/f-NCG$:^-> 27b^>"tS(©T', h5>i/';*# Trl, Tr2, Tr3£ii 

^{CLT#^3f-*-#i|§&fDQk, /DQkfCt^y CX^^ViZ)Umm3 0<D¥v N«gBLfC{iVSS (=0 

MS*f (BLO . /BLO ) , (B LI , /B LI ) , V) iffl&£1x&Z.£.lZtji&. ZfDm.&Xlt. ^^EUir 

(BL2 . /BL2 ) ©f-'-^^K^-tS. ;i/CO^fi, Ell 8 (a) ICjjVf fcX-r 'J ^ffi^Cfi 

[0194] Z(D 3 M©t-*- 2&g>!tf D Q k , /D Q k CD V *Ta3,&T*2&-5. 
■T-Zit. 015 (a) Kj5*"*"3lf<y h/2f y r-r~ [0 2 0 3] Ifflft. r-»££VpL&7G©0 VtCM 

^^iHigstcioT, his (b) iz7jknmwm<n£ u m^x. ?-his«m%,fc<fctw-u-Ki8® 

-JfC, 2fcT»y hO-^-^cagftSift, 2fflCDAffi# SVdwl &tc©OV(CMU "fe>X7>^S/A$:#S§ 
t-*-#I/Oo, /I/Oo," I/Oi , /I/Oi £ 20 fl&RJBUC-tttf*. 018 (a) CSttXfU f>Xffi,W 

[0 19 5] &{C, ^^U-fe;Ufg«3 0©^W-*-y ^-^"O" LXim&frZnf-ZtlZteZ, 

■ 4 Zl^jXmmEQAttZ/ltZlsX^V bffittB [0 2 04] (8-2) m^Wffi£LX"l/3" #fg*ffi3 

L, /BL©«fiSVSSlca2SU ^U-hi»m&VpL *l£*§1=rte, k=0 60-fe>XT>^fI^3 2 OlCfcWCfcfc 
£VCCIC#/±U S»iii*©£p{i$:-r€> 0 HtftB LO W'l" {C, k=l,2 VtyXTy^ffi® 

[0 19 6] 3<Z>B#,6T*B:, "0" "1/3" "2 3 2 1,3 2 2Kia3Vvrtttfv HtftB LI , B L2 ffljf 

/3" SB*, "1" S8*4^Sl±. ^nt'tlttlZLXmi 8 #"0" 

(a) (d) Kl^t;Vry^;*ffiiW»C;i5Vvta2 [0 2 0 5] Z<DB$gX\ X^lvBtiM&C S L &fi§f£fl; 

c2,6, d2*„ b2*K#5 0 L, f s -*«*f (DQO . /DQO) , (DQ1 , /D 

[0 19 7] (7) jm&frn&m&amiZj:*). 30 Ql ) , (DQ2 , /DQ2 ) tCjMlSLTx-* (1,0) , 

im&frmtrmm&i izmvx*^v-t)iim3 0(D (o,d,(o,d fcrn^t-s. 

tfv h«*fB LlCS«ii*«ffiS:^S. £©tfe, [0 2 0 6] Z.<D'&. 015 (a) loStr-*-*^® 

-h«&VpL&7ttf>0V£MU ffivvt, ?-Ki»Sfi S&fC«k^T2bf>y hCO-^-^fC^IU 2,ffi<Z)Affi 
VwLfeitK^-C-hUm&VDWL SrjftOOVfCJI (I/O 0 > /i/o 0 ) - (I/Oi , /I 

U -fe^^T^^S/AS^fHSWffitCftlJi. ^'J /Oi ) i;LT(l,0),(0,l) Sr^v^aJfCffi^-fS. 

-fe;i/M/ctcS»iA^^f ofc3i:(c^5 0 3tf>«&, « [0 2 0 7] &ic, -fe>^y>ys/Atcj:^j:bi(tt^i 

r-5>^**QS£:*->}CU ^W-V-S?- -<35-f r3, Tr6, Tr9, Trll &^{L, HS^^tt^^lS 

X0S&Sl5EQA$:^->tCLTf#^^ffltC|S^-r-So 1 1 &«DTS«^<Z)fcft®^Hi«iaS:«#&-rs. 

[0 19 8] OT, mfrm2tlf-7 : -*tf"0" ,"2 40 [0 2 0 8] 360^p, #-fe>XT>^f!i|ic3 2 ktdfcW 

/3","1" 60»^-{COV^*^^Ji1H$:kE^T^<„ SMtS-tSlfy htffl (B LO , /B LO ) , (B LI 

[0 19 9] (8-1) immmtUX"0" im»tiiZtl , /BLl ) , (BL2, /BL2) itttfcLXtt, 

t=.Wr£i& &-Zy*Ty7ffim3 2 ktCiS^T, -fe>X 0), (0,1), (0,1) tCJ5:oT^*©T?, 
T>^S/A»CJ:6ib*(lEtSH©«tC^y M&BLO , B hffl b?yi?X*TrZ. Tr7,Trl0^^"7 U, Tr 

LI; BL2{R!I#"0" 3®^*T% 4, Tr5^>"rS©Tf, K5>^^Trl, Tr4, Tr 

JSCSLSrfl&ISfbU T-tmt (DQO, /DQO 5, Tre&a^T^^U t)\ffi®,3 OWy S$gB LtC 

) , (DQ1 , /DQ1 ) , (DQ2 , /DQ2 ) IC ttVCC/3 A^&$tt53i:{C^S„ 

*ff5LT7-*-^(0,l),(0,l),(0,l) feffi^j-f*. [0 2 0 9] dCD^.T^i, * % U -feJI/O&fi & 01 

[0 2 0 0] ZCO^, 015 (a) ICT^^-r-^^:^ 8 (b) lC>jVffc*T->J i/^HIlMWCfcV^TcaA'AT***. 
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\is HI 8 (b) ^+tXTVi/XWSHZlS^X* : £ 

y t ;uo^at*o4j$.tc^ y . * ^ y -fe^tc^n-r- * (c 

[0 2 10] (8-3) t LT"2/3" **Sfil*mS 

k=0,l (Z)-t>^7>^I^3 2 0, 3 2 1 
ICfclrNTtttfy MRBLO , B LI mtFr E, k=2 © 
■fe>xr>yfl^3 2 2fCj3^Tfibf«y HftB L2 {DO 

#"0" io 

[0 2 11] ZCDBJrj&T?. *5AlRiCSL^fc 
U x-^ifeS&f (DQO . /DQO) . (DQ1 , /D 
Ql ) , (DQ2 , /DQ2 ) (C*ft&L-TT r -* (1,0) , 

(i,o), (o.D stfctr**. 

[0 2 12] £©«, Ell SlC^-r-^-^SBSEWiCj: 

0 t 2 tf h ©zna-r- * iz$m u 2 i0Aaj*f- 

* (I/O 0 , /I/O 0 ) , (I/Oi,/I/ 

01 ) i:LT(0,i),(i,0) Sr^-s/^aptcffiA-rs. 

[0 2 13] &{C. -fe>^T>yS/A{C«fcSJ:b«9e(II 
©£t ^Ba*mfiSBiRy-Sfflh9>y^*Trl, T 20 
r3, Tr6, Tr9, Trll &j»RU 

1 1 zmcT¥m&&<nr~to(D£mw&.zm&-?2>. 

[0 2 14] ZKOBfc #-fe>XT>^I^c3 2ktCfeW 
&#f/£-f Stf y hiMBtf (B LO . /B LO ) , (B LI 

. /BL1), (BL2 , /BL2 ) »4jt«SfC(l, 
0), (1,0) ,(0,1) (C&oT^S©T*, Ifft&^ftWIR 
y-hMN5>i>'X^Tr2. Tr5,Trl0jSfcJ-7U Tr 
7, Tr8*<*>-rs©"e. r-^>t/'X#Tr7, Tr8, Tr 
^mSTt^yizMms 0©tr>y HttBLKlJi2VC 
C/3*Hft*&S*i*ii:Jc>aiS. *^y 30 

-t;i/©3*i, mis (c) ^-rtx^y^xftiiic 

£^Td3,6T*&&., 
[0 2 15] 3.©& hm&VpiZfiXDOVlzm 

ttttffitc-tnii. 018 (c) fcsv*fc*T-ys/;*ift» 
fcfcv \t ^ ^ y -&;i/©&Sttd4 y , * ^ y tr;wc 
{§Hfi-r-#(d,6) #*MiJteUTfS^#3ttfc£i:lc 

[0 2 16] (8-4) fc-JMHSffcUTT *<K*tt}Stl 40 
#-fe>^T>^M^c3 2 MCfcWt, -fc>* 
7>7S/AK.*&ti&m%0>®.lZiZy HWB LO , B 
LK BL2 WT' fc!&5. £©HS&T?, *5ASBjR 
SSCSLSMftU r-*mt (DQO . /DQO 

) , (DQ1 . /DQ1 ) , (DQ2., /DQ2 ) {C 
ZmLTr- * (1 ,0) , (1,0) , (1 ,0) Z&jj-tZ. 

[0 2 17] 01 5 (a) izmir^r-zmm 

S&fCioT 2 tf-v S«— ffl-r- 9 2ffl©Aai 
Jj^r— # ( I /Oq , / 1 /Oo ) . (I/O!, /I 
/Oi ) tLT(l,0),(l,0) S^-y^aJJCffiA-rs. 50 
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[0218] &tc, ty?.Ty7s/ Mz&z&MPim 
<m~ nm&frm&mRv- tmb^y v xtTrh t 

r3, Tr6, Tr9. Trll ZmMU fm&frW&mm 

[0 2 19] 3©H, «-fe>^7>y^3 2 kJCSSW 
-S^fSfSt^y h*l*f (BL0 , /BLO ) , (B LI 

, /BL1 ) , (B L2 . /BL2 ) tt*ft6l/t(l, 
0), (1,0), (1,0) E&oT^5©T\ #SiA#ffi(£il#l 
hffl h7>$*X#Tr2. Tr5, Tr8A^7U Trl 
0 2><DX% b^yi/X9Trl0, Trll£jiDT 

^^'J -fe;HBW3 0©hfy hffiB L(CttVCC*^&StV 
SZlfcKlJ&S. 3©B#*T?tt, ^^y^WJD^Sli. 0 
18 (d) ICgtt^f 1 ) S/*ffittWC;)3^Tb3j6T*& 

So 

[0 2 2 0] 3©&, :7l/-MHaVpL&7G©0Vlc;g 
L. ,M^T, >7-KW«fi:VwLJ3«tU t *'^-r7-Kil»« 
{SVdwl SttcOOVKISU *>^7>^"S/AS:#^g 

MictWl 018 (d) tcjjVtfc^ys/^tf&Bg 
ic£^t ^ ^ y ■t)i'(Dftffl l i.bi,mz® y , * =e y -tr;wc 
* (b*) ^MSi: LT&m&frZtlfzZt iz 

[0 2 2 1] ZLi-Ctt^-^^JSSBi^IM^SrSWIiLfc 
£\ ^ >y ^M»?^ e> Xtst 5f- ^ «:#Siitf«^fi. 
016 (a) \Z^t2 \£y h/3 t'-v h-r-*3QWH» 
>y ^M»3&» e> 2 fflWAffi*^- * /O 0 , /I/O 
0, I/Oi , /I/Oi t LTA*3*l5 2 tf «y NO 
— fitx- * S:, 016 ( b ) K^-mS^iCD «t o tc, 
3 ffl© 2 fflT 1 - * lZ$m L T 3 ffi^T-*- * i^*fD Q k , 

/DQk(cm^-r§ 0 jfUT, t^-^&s^mi/fe 

©#iz>>5.T>^I^c3 2 ktCfc^T^AiSMSCS 
L SriSffifb-T S ^iKCioT^^ - hCGSr^" 
y-tmiZU r-fimtDQk. /DQk^e>#-fe>X 
T>^"ffi«3 2 klCfcttSftftx-tSb^ hittW (B LO 
,/BLO), (BL1./BL1), (BL2,/ 
BL2 ) JC/?rS©^- ^littffBSffji* 

ffij^inn^iT^^ y ±mmm<d¥v ymz^mwu. 

[0 2 2 2] ±aa»4|@ftffi|©FRAMfCfeV^ti, E3 
fE^ffi LtC|5S LT ^ U- hmffi?: 0 V icfia#1- s©-??, 
^-vy^J/^CP^BratCiSltbSWBE (Vpl-Vsn) <DmM 

[0 2 2 3] ^oT^-V^°f>^tCS«StlStt^S^+ 

^ v e> ns 3 i: tc^ y , *^>J -tjisr- * ©si** L 
^s*wtc7fc tj , ^vAytizwmz nzwm&tf y 

y . M^ffi L/»$ii*4f ttfCfitifc F RAM $rHJg-r 
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SifctfBTflBtCfcS. [0 2 3 3] fcfc, 3©B#» i-il33M<3Dt>^T>^I 

[0 2 2 4] ^4HSS0IJ<Z>FRAM{Cj3^Ttt. h5>^*QStt*^4x*>*yBtCWWS 

"1/3", "2/3". "1" ^-*#i2lt£*lT^5#& tlT^S. 

{c. *vAi/zct7.j vT-mh^yy^zQtoywm [0234] (3) mz, yv^-^-ymb^yy^-iiQ 

j - K©®EvsN^mssu -*tc«j: yiam-r-#fcjsis p **7\zmLt=.m. msiv- k» (m*.hwl o> © 

fefHSfCJE&LfcilLT^ ;Wy^JSh^>S/;*.#Q ^fiVwL$rVpptC3z*»±tf, §I£M^T. 3g#i;/ly- h 

%*7«J»K:Ufci:S©^ , l/-h«fi[VpL*«VCC/2T? » (*«T?ttPL0) ©«ffiVpLfcOVj&»e>-VGC*T* 
fc<0VfC3*iTV*Sfc«>, AS/ TP$51£3. 

Sliltt*^. fifot, DRAMtM)J:^ft5t-f [0 2 3 5] ±139- RSSffiVwL©S£'fc±tfK:j: »J, 

?;i/T-©y 7 l/y S/aJWrowe&y. «v 10 iSRr;- MRfcgsKStiT^saBR-fe^cDx-f h 

[0 2 2 5] <fSbmiSfff> (El 9> 02 0) ^;i/#SSRS*lTV*5*^y*;i/1B«3 OCDtf-v h» 

-h«teVpLS:OV«fc»J<S^*-eT»S**J:^»C^ [0 2 3 6] Z.3T\ ^5§m3r^AS/#Cfr<3 '0" 

ny*>^«*it5*#M&y, *<Dm*mvT'2bz. . "1/3" . "2/3" . "i" ©^-##SB*aj£ft£:B$© 

[0 2 2 6] H19&, H5HS£0!|{C#€>®1 3©#ffi -fe;i/3f ■vAS/* C©* b X/-VJ - b^t^^VizMMW, 

F.RAM{CfeW6Egfif I -4'©Sli*ffiU/»Siii5i»ff^ 3 0©tfy MSB L©«ffiVo , V1/3 , V 2 /3 , Vi 

ilBR^U- M*©mEVpLtt, 0 V£-VCC£:0 V£ + 20 V 0 <Vi/ 3 <V 2 /3 <Vi <VCC-Vth 

[0 2 2 7] 1120 (a) (d) jg5|Qi6WtC >y MSB L©«&#VCC- Vth^e>T^-T-5fc, ttffiHE 

i»W&fcFRAMiz;i/©3fi^#**A^*©fc;*T-y ©tf>y hifeSB L2 . BL1, B LO fr&^'J-fe^Hgc 

2/^tfW8©B8»S:SiW-r*fc«)lC^fHT?**. 3 Offllf-v M&B UCfiJ^oT«ffiftTOfSU "0". "1 

[0 2 2 8] &{C, ^SHJeWJCfeWS^^y-fe^b /3" . "2/3" , "1" 

©B3®7 : -*©aiE*ffiL/^f*ii*ttf^K:-3^T, Hi T>^fS^!c3 2 0~3 2 2©hTy MSB LO , B LI , 

9ffl*-fS>y?-v-k 122 0 (a) (d) ©t: B L2 ffiiJ©m&&V s o , V s i/ 3 , V s2 /3. V sl tCJ& 

[0229] a) mmmx*\t. m^EQLttmmm 30 [0237] ~©i%&t*«, "o- k». "1/3- "2 

(*MT'iiiai/^;i/ "1" , vcc) t?»*;, 7y?-v /3" "1" 3B*a*i±. **i^x*ffSL-Tei2o 

-fn5^f XEKIf|JEQA^>^T*fey, (a) (d) tC^-ffc^-rU >>^ffl^tCfe^T e* 

y-fe^HWtS 0©t^/ M$*fBL, /BL©mffi#VSS 7f*S. 

fc«£a*lTVV5. [0 2 3 8] (4) BufBLAcJ:e.^-fe>XT>^I^3 3 

[0 2 3 0] fc^y hlR^U^-V-^fll^Vpr^ 2~3 2 0^6^^'J-fe;bfI^3 0/\©«^©^m©iil 

mmm c^mmmy^jv "i" , vco -e&y, swurLfeflt. mb®^e»?-qt&;i-:7{clt* 

7o?-v-ym b^yi?x*GtPiz*7Wffiv&2>. ^v-tMN&s o*»e>-fe>^T>^w*3 2 0-3 2 2 

[0 2 3 1] M^ffiL/Sgii^S&moiMB&fClSLr, &«jy«U i&g33tf©iz>*7>7^##J/g 

*-f, fS#EQL&#KStt^ (OV) fCLT^D^-V h 5>S?**Q S Z*7iZLT 30©-fe>X7>^fI^ 

-y • -Tn^-f XESSgPEQ A $r^-7(CU *=EU-fe;U 40 3 2 k©#tf>y bUtt (BLO , /B LO ) . (B LI 

mmaOWybffittBU /BLCDJn^JXZim /B LI ) , (BL2 , /BL2 ) &fljy(tf„ 

[0239] (5) mz. ZfU- btm&VpLZOViZm 

[0 2 3 2] (2) mz. imVprZmmm (OV) {Z -fttlbiZ, &-ky*Ty7°mW3 2k©t'-y MS/B 

LT^';f--V-i/"mS5>^^QP?:^>tCL. LO , /B LI . /B L2 fl«Cg§K$nTV>S^— fe 

W>7"llt3 2k©^hMBLk < /BLk© MC^-TS^? -<7- HIS (*ffllTt±/DWL) ©« 

ISMBL, /BLSrVCC-VthtC^y^-v-y-fS. ^ *ffi-T. 

3T% -Vthttm^fEH^-fQT©^- hJCPPiD^nT [0 2 4 0] ZLZ1T% #-fe>^7>^I^c3 2 k{C&V> 

V □ v % <t> i AW(X©ll*©miKf4yU^-7 Q T t'-y h«g/ B LO . /B LI . / B L2 (C^/Uf # 

TfCiSHJftiSg'feT'fe^o 50 flgS&Vrefkli^TJiJ&oTH*. 



[0 2 4 1] SP*>, &-ty*T>7fm3 2 ktCfcttS 

k=0 : (V s0 +V s i/3) /2 

k=l : (V s l/3+V s 2/3) /2 
k=2 : (V s2 /3+Vsi) /2 

[0242] (6) &ic, timstto-tyxry^mft 

Wm h 5 > ^ * Q S (C J: »J #9J£ tlT ^ > X 7 

ipS^TOo 3©££m, SM^-fe^XT^^S/Att, j|§ 10 
fR-tJbfr ibmfr&ZftT^t-l ffi©M©-r- # £ 3 M 
CO -ffi-r-*- # tcSQft l/£3i:tC&£o 

[0 2 4 3] &{C, ±fB^fJ$tlfe^©#^>XT> 
yflg« 3 2 k iCfc<- x-C, * 5 A11C S L fcigttffc 

(VCC) 1TSZi:tCj:oT^5A^?>y-hCGS:^-> 
^fCLT^-TS^-^^DQ k, /DQ ktCtfy 
bWti (BLO . /BLO ) . (BL1 , /B LI ) ', 

(B L2 , /B L2 ) OD-r-^ 

[0 2 4 4] 3©3*f©T-'-#IS#fDQk, /DQk0 
t-*-#&, 015 (a) (ojrf3bf-y h/2t:*<y Nt 1 - 20 
JilWaoT, SI 5 (b> tC^-T*^tC2^>j; 

h©-fiT-'-*{c^i3*u 2Ma>Atbl)7 : -* i/o 

0 , /I/Oo . I/Oi , /I/Oi £L-Tffl;&3tt 

So 

[0 2 4 5] (7) fcKU HWi*«(a«*&IlIKlC«fc»J, 

w*&*#*&«fiH*i i &«&T*^yiz;i/«f«3 o© 

^ hiW*rBLtCfl«i*«(aS:^S. 3©it 
- h^VpL& + VCCtCftEELfeftfC7C©0 VtCMU 

m^x. «?- nmmwJ&&'&#^ k»«&v 

DHL £te©0VKJsU -fe^T^S/A&^fSIS&tK 30 

So 3©£t WfflE&^QT&jr^lc^&fcfc&lc* 
^ U -fe ; 1/£#J IB h^>i/X^QS$:^->{CL, 7 U - V 

-s/- • jnjjxm&fliiEQAttyizisX&mmiz 

[0 2 4 6] OT, Sn<frffi£nfc^-Stf"0Vl/3","2 

[0 2 4 7] (8-1) {t^®f£LT"0" ^K*mS*l 

7>^S/AK«fc*Jtl#Wi©fcKl^/ H*B LO . B 40 
LI, BL2IF0" £&So 3©B#*T?, ij^hSKR 
»CSLS:fg1ifbU f^litftf (DQO , /DQO 

) , (DQ1 . /DQ1 ) , (DQ2 , /DQ2 ) (C 
aSUTf-^(O,l) ) (0,l),(0 1 l) fctofcrtS. 

[0 2 4 8] 3©&, 015 (a) Kw'*f : -*3B«S 
S&iCcfcoT 2 fc^ h©— H^-ftcaOftL. 2jfi©A£ti 
(I/Oo . /I/O 0 ) , (I/Oi./I 

/Oi ) tUT(o,i),(o,i) if-y^^cm^ji-s. 
[0249] ty*7y7s/Mz&&\m.v&®i 

m&»tm86Vf-hmh?y*sx*Tru t so 
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r3, Tr6, Tr9, Trll ZWRU ff#&*«&#M&f,§ 
1 1 &&VXW^Mfclto<D&tBi!L , t:&j&t&. 

[0 2 5 0] 3©B#, #-fe>^7>7 r M^3 2 UCfcW 
ft*ftt?"*SI^ h£|#f (B L0 . /B L0 ) , (B LI 

, /BL1 ) , (BL2 . /BL2 ) «*ffSLT(0, 
1), (0,1), (0,1) CC&oT^S©T\ S»ji**{ffiStR 
y-Sfflh^>^^Tr4, Tr7, TrHWfcf^U Tr 
2tf*y?Z<DT\ b^y^XZTrl, Tr2, Tr3&;iD 
X*=£Wlffi®3 0Wv M&B LKttVSS (=0 
V) tfGMftSftSrfctCfcS. 3©B#£,T*li, *^'J-fe 
;UM/C©»®i, 02 0 (a) tCartfcJVr'JS^ffi 

[0 2 5 1] ifflft. ^b-hnevpL^vccic-rsr 
£tc«fc»J, *^»J-fe;i/©#fiIWu 02 0 (a) tCjjs+fc: 

V pl &tg© 0 V \zm-f 3 i: tc «fc *J , ^ =t U -fe ;b©^ 
Utt, 02 0 (a) lC5Vtt;VrUS/:xffi*SHCfcVVt a 

*{C^So 

[02 5 2]i|VxT, »7-R»«fi[VHLfe«fca c f5-C 
-MS*fiV D WL *76®0VICSU -fe>^T>^S/ 
A4#KS't4m B iCl-tV«, *^U-feMCf-*-#"0" jwa- 
Mfti: LTS*iA^$tlfe3iltC7&5o 

[0 2 5 3] (8-2) im9M£LX"l/3" 
tl^^-ti, k=0 ©-fe>XT>^I^c3 2 0{Cfe^Ttt 
MIBLO W'l" IC, k=l,2 ©-fe>XT>^I^ 
3 2 1, 3 2 2fCfeV^tthfy HJRBL1 , B L2 #J 

[0254] 3©^*T-, x^&mmcsLzmmt 

U T-*-^^>Ft (DQO , /DQO) , (DQ1 , /D 
Ql ) , (DQ2 , /DQ2 ) IZftfcLXT-* (1,0) , 
(0,1), (0,1) <Srfftf7-rs. 

[0 2 5 5] 3©®:, 015 (a) tC^-f^- 
SStCioT 2 tTv h©-#r-#fC^g|U 2,ffl©Affl 
(I/Oo , /I/Oo ) > (I/Oi,/I 
/Oi ) £L-T(1,0),(0,1) ttv-fft-mmttZ* 

[0 2 5 6] T>y7.7y7S/MZ&&&mm& 

<m. ¥jm>&mmm>f-bmb ; 7yi?x*Trh t 

r3, Tr6, Tr9, Trll ZmRU mmi2 l &Wm$&tk 
1 1 5rilU-rS«i*©fc«)©#fltflfiS:^&1"S. 

[0 2 5 7] 3©^, #-fe>XT>^I^c3 2 k(CfeW 
S*ff5-rS^«> hMW (B LO , /B LO ) , (B LI 

,/BLl), (BL2 , /BL2 ) lttttSVX(l, 
0), (0,1), (0,1) H^oTV>S©T, 

f>fflh7>S/X#Tr2, Tr7,TrlO*^-7U Tr 
4. Tr5^>-tS©r*, N^>i>*X^Tr4,Tr5,Tr6 
satJT^^U-fe^HRWa 0©t^>v MSB LtCttVCC/ 
3mm;2nZ>Z.t.lZtj;Z>. 3©Kf*T*», ^^Uiz^. 
©^H«, 02 0 (b) iCaVrfc^-r-yS/^ffiMWCiS^ 
T h.'ArC&So 

[0 2 5 8] 3©^. yi/- h®&VpL$:VCC{Cf S3 



(21) ftggqz 1 1-23 8 3 8 7 

39 40 

fctCfcU, *^y-fe;i/©af»*. 020 (b) (C^-ft ttCSL&JSttftU x-^ISW (DQO . /DQO 

XxU S'XtMJHCfc^T i*tC#§ 0 -7°l/-h ) . (DQ1 , /DQ1 ) . (DQ2 , /DQ2 ) \Z 

«ttVpL«:76®0VKjj"i-3i:cj:y. #fSL.T-r-*(i,o),(i,o),(i,o) fctftfrr*. 

Wtts 020 (b) Kj^HaT-US^AtlUCSfrvr k [0 2 6 8] Z<7>^» 015 (a) tojr^-*^® 

SSiCioT 2 fcfy h (DZMff- * ICSSft U 2 jfflCDAffi 

[0 2 5 9] iftvvt. 9- K^mfiVwLfesfc^^-C ( I /Oo . / I /Oo ) . (I/Oi,/I 

-RWmfiVoHL &7C©0VKjRU -fc>X7>^S/ /Oi ) fcUT(l,0),(l,0) Sr^y^rtfiWCifrfrrs. 

A^^g-ffiWC-r^ *^)*.MZ&mr-*{b [0 2 6 9] fcfC, 1Z>^T>^S/A(Ccfc^J:bgeiti|lI 

[0 2 6 0] (8-3) imnmt LT"2/3" tfH#tfi$ 10 r3, Tr6, Tr9. Trll ^MRU Wtnl^WSLmm 

nt~m&lt. k=0,l ©-fe>7.7>^fl€3 2 0,3 2 1 1 1 &££T3^^fe&©*«ttffi«:#te-tS. 

least vtl±tf«y M§B LO , B LI BW'l" IC. k=2 CD [0 2 7 0] 3<DB#, #ir>X7>:/M^3 2 kfCfctt 

i?>X7>^fiHc3 2 2tCj3VxT«tr->y HifJiB L2 ffiO SM/SfSI^'V hiMBt (B LO . /B LO ) . (B LI 

#"0" , /BL1 ) , (BL2 , /BL2 ) 

[0261] z(db%mt\ ij^^mmcsL^ismt oj.a.o.a.o) k^ot^-sot-, ws&Mtmm 

U r-Zmt (DQO . /DQO) , (DQ1 . /D ff- hJl 1*5 Tr2, Tr5, Tr8#*7U Trl 

Ql ) , (DQ2 . /DQ2 ) IC^/SLT^-^d.O), 0 tf*>t5©T, H^>^**TrlO, Trll&illJT 

(1,0), (0,1) Srffi^f^o ^=EU-fe;UPBt3 OODtfy hi»B LtCt±VCC*Hf«&3ix 

[0 2 6 2] EH5 (a) tojVrf^SQWa 33t(C&£ 0 i©l»j*T?fct ^^'JtMm 0 

»JC«kt>T2hr«y hO-ffi^-^fCSQftU 2ilI©Am 20 2 0 (d) (C^ftX^U -S/^HWiJCfeV^ e;&T* 

#7-*-* (I/Oo , /I/Oo ) , (I/Oi , /I 3. 

/Oi ) £LT(0,1),(1,0) fe^ v^WWCffi^rt*. [0 2 7 1] 7"U-hmfeV PL S:VCC{C-rS3 

[0 2 6 3] f^ctc, ±yxTy7s/A\z£z>jiMma £iz£>), *^y-fe;i/»$Mitt, 020 (d) ic^-ft 

r3, Tr6, Tifl. Trll tmtRU Wm&fr®&m5Wi ' «fiVp L $:5tCD0 VKglMfctCfc »J, ;* ^ U ±JV(D^ 

1 1 zmvTjm&fr&fctoagHmmzm&'tz. mat, 020 (d) icsttxru^wcfevNTe 

[0 2 6 4] ^<DB#, #-fe>^r>^fI^3 2 kfCfctt 

Sflflfrt Str">y NMtff (B LO , /B LO ) , (B LI [0 2 7 2] $jSwt, 9- K*8@{£VwL*3J:tf^ -9 

„ /BL1 ) , (BL2 . /BL2 ) tt*tt5LT(l, - Kf<§SSftV D WL 0 V {ZM U t>^7>^S/ 

0), (1,0), (0,1) tC&oT^3<Z)T\ 30 A ft^ffiffiraWCTfUi. ^ ^ U M)\/\z4H&r- * (d 

^-NfflN5>^^Tr2,Tr5,Trl0^7U Tr7, ,£) jb^fiateLTlStf&ftSftfcifcKlfcS. 

Tr8^>-fS©T% b5>yx#Tr7,Tr8,Tr9&iI [0 2 7 3] iiTftt^-^roB^^^&^L-fc 

CT*=E'J-fe;i/flI*»£3 0<Z)bfy hitSB LC(i2 VGC/3 jft ^y^fflJa^A^rTSf*-* ZWg&tHgr&lt, 

my&Ztl&ZtiZ&Z. ZOffi&Vit, *=EV-k)UD 016 (a) fCSVT 2 bf-y h/3 kf<y h-r-^SBBBaS* 

02 0 (c) {C^tX^U^XffifjHCfc^T IC 5^^307^ 2 M<2Affi#7-*-#/Oo , /I/O 

0> I/Oi, /I/Oi tl/TA*Sn5 2^h0 

[0 2 6 5] ~<z>tfe. :/ U- h*&VpL £ VCCfC-t 6 3 -ffi^- 9 £ 3 MO 2 ffi-r- ^ tcSSft LT 3 jH©-r- * 

iKCi'J. ^^U-fe;KD^S«> 02 0 (c) {C^-Tt «g*fDQk, /DQ ktCffi^j-f§ 0 ^LT, ^.)\rf-^ 

«fiVpLS:7£®0VtcSi-ii:lC«fcy, ^^U-fe^CD^ 40 g|$tlfe^©#-fe>X7>yfM^c3 2 kk:fe^T*9 

02 0 (c) \,Zjfit t^xU'>Xffi*StC#3V^ 1 AS^SCSL^fift-rsziiltCfcoT^^A^iy 

^tC#*. -hCG$:^>^ffl{CU f-^IWDQk, /DQk 

[0 2 6 6] ,mv^T, "7- K8&m&VwL£J:tf#'S-9 ^e>#-fe>X7>^IP*3 2 ktCfe^SMfSfStf^ h 

-K*8«fiVDWL 5r7t;©0 ViCML. •fe>X7>7 p S/ «S*f (BLO , /B LO ) . (B LI . /BL1 ) , 

AZmSmmiZtftit, ^^'JtMC#if-^(c (BL2, /BL2) {cmSCDr 1 -**:*^*, ^tt 

[0 2 6 7] (8-4) «*«fiffcLT"r *«S6*m$*l IfflB L. /B L(C#{«^$r^f n«^^. 

fc^-li. #t>^7>^fS3 2 klCjS^T, -fe>X [0 2 74] ±IBH 5 HJS^!l"Cti, Sc^tfi LB#tC^"U— 

7>7 p S/A»Cj:SJ.t«fitfi(®&fCtry LO , B h'^£tVp L $:0 V/j^e,- VCC*"C'TtfS J:o(C^t$-tt 

LL BL2»T t.*&. Z.<DV*&X\ il^^WR 50 &Z£iZj:^T. &ffi£4m&m£tiMLTXy hSSB 
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[0 2 7 5] <Kl6|Qj£0!|> (02 1, 02 2) 

fCLT, #l2>*7>:/1I«3 2k©iSttfLl/C^fe1Z 
>^7>7'$:^ ; EU-feMI^c3 0<Dt?>y hi|g*fB L, / 
B L tWM-fZmZ, Zfls- mW±VpL* 0 ViZMZ 
■f iZ - VCC© * * (C UT < J&tf&fc y , C 

[0276] 02 Hi, memk&K^mi zo&m 

F R AMIZ tSV&Emr- * (DWofrS!, L/S£&*1W£ 

■awyu- KMWDSEEVpLtt. ovfc-vcci:+VGCfc 

[0 2 7 7] EI2 2 (a) JiM. (d) »*, £6|gffi0!|(C 

[0 2 7 8] mz. |g6J^#RCfctfS*^y-fe;i/^<b 
1 <Z)^r-f k 02 2 (a) (d) 

[0 2 7 9] ^»fm^e»IS6*ffiL/«*ii*lM^S:B8 
*&U lil£ls&J:3&-k>a7>:TOtt3 2 2~3 2 0 
■=> * ^ U -fe^fl^c 3 0 /M0«J9®aSfflffliffiiSW»7"t 
S*T-©7'n-fe^«, BffI2H5^JgWcfeWS(l) 7M 
(3) ©7"P-kXh!lliTfe§= 
[0 2 8 0] Z©B#, Crt»e>"0" 
. "1/3" . "2/3" , "1" Oy^-ifim^^tdm) 

3 OOThfy h£gB LCD*&V 0 , Vi/3 , V 2 /3 , Vi 
tt, 

Vo <Vi/3 <V 2 /3 <Vi <VCC-Vth 

y h»BL©«t^VGC-Vth#e>T»-rSfc. «ffS*K 
ili^QTtf^U ■fe>7>7>7'fl^3 2 2, 3 2 
1, 3 2 OCDkf'V M®B L2 , BL1, BLO^fe^^E 

y-wmres o©t:'<y hub ncw*»oT«ww%flj 

U "0", "1/3" , "2/3" , "1" ©x-*#S^ffiS*l 
fcSpO#-fe>X7>7'^0Dt:'>y hUBLO . BL1 , 
B L2 flJ©«&«V s0 , Vsl/3. V s2 / 3 , VgltCfc 

[0 2 8 1] £©BM*TBU "0" fa*, "1/3" fg*, "2 
/3" gg* "1" |g*9«, **l-etl>WSLTH2 2 
(a) Jfr£ (d) ICaVtfc^T-'JS/^ffiiWKfcVvr e* 

[0 2 8 2] (4) t5feLfc«fce)«:-fe>^7>^fHgc3 2 
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2—320 a* e> * ^ y iEjv^m 3 o ^\©@#<z>gp L aj©ji 
£#*rr urn *ufam^e«i^-f q t £*7tc lt * 

^.^QS&^-7{CLT3f@©-fe>X7>^fI^c3 2 k© 
hi&Sfcf (BLO , /BLO ) , (BL1,/BL 
1 ) , (BL2 , /BL2 ) fe« 

[0283] (5) mz, ■ju-bWMzov^zmziriz 
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Tfcfy MI/BLO , /B LI , /BL2 lCgg*ffi-f# 
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MfEM (BLO , /BLO ) , (BL1 , /BL1 ) , 
(BL2 , /BL2 ) ©•?■*- ^ $reiH7§<, 
[0 2 8 9] ^CDS^f^-^MDQk, /DQk© 
7-#te, 015 (a) IC^t3^ h/2t^>y h^- 
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